Introduction: Thailand has been heralded as a global leader in HIV prevention and treatment, and its experience with the HIV/AIDS epidemic holds valuable lessons for public health. This paper documents Thailand's response to its HIV epidemic from the late 1980s until today, and analyses its epidemiological impact (incidence and mortality). We discuss the association between the trajectory of HIV incidence and mortality rates over time, and the programmatic investments, policies and interventions that were implemented in the last three decades. Methods: This is a review paper that draws on published literature, unpublished sources and routine behavioural and serological surveillance data since 1989. It is informed by the modelling of epidemiological impacts using the AIDS Epidemic Model. The AIDS Epidemic Model and Spectrum were used to assess the impact on incidence and mortality. Apart from epidemiological data, National AIDS Spending Assessment and programme data were also used to assess financial investments.
Introduction
Thailand's first case of HIV was reported in 1984. The epidemic has evolved and changed strikingly over the last three decades. The early phase of the epidemic was mostly that of HIV-1, subtype B, which rapidly escalated among people who inject drugs (PWID) in 1988 [1, 2] . The virus then quickly spread to populations of female sex workers (FSWs), with increasing documentation of subtype E [3] . The epidemic spread rapidly in the early 1990s, driven by infections among sex workers and their clients [4] [5] [6] . The prevalence among direct FSWs was much higher, peaking in the mid-1990s, and declining rapidly after that ( Figure 1a ). There were clear geographical differences in the prevalence of HIV. The upper-northern provinces accounted for a disproportionate number of HIV case reports [7] . By 1993, some 600,000-800,000 people were estimated to be living with HIV [11] . At the same time, the prevalence of HIV in the general population -as measured by women attending antenatal clinics, newly recruited male conscripts as well as blood donors -also showed an increase, peaking in the early 1990s, and then declining slowly (Figure 1b ).
Data based on AIDS case surveillance between 1984 and 1998 showed that the most frequently reported opportunistic infections were tuberculosis (19%), Pneumocystis carinii pneumonia (19%), cryptococcosis (17%), candidiasis of oesophagus, trachea or lung (5%) and recurrent bacterial pneumonia (4%) [2] . Cross-sectional survey data of hospital admissions between 1993 and 1996 also indicated that the most common AIDS-defining conditions were cryptococcosis, tuberculosis and HIV-wasting syndrome; PWID were more likely to have tuberculosis or suffer from HIV-wasting syndrome [8] .
As HIV prevalence began to decline among FSWs and their clients in the mid-1990s, data from serial prospective cohorts among young Thai military conscripts also showed simultaneous declines in the incidence of both HIV and sexually transmitted infections, suggesting successful interventions and changes in transmission patterns [7] . The early 2000s saw marked changes in the transmission routes in Thailand, with sharp increases in the estimated HIV incidence among young men who have sex with men (MSM) -from 4.1% to 7.7% between 2003 and 2007 [9] , with a median of 9.2% as a national estimate in 2014. Prevalence among MSM in Thailand has remained high (Integrated Biological Behavioral Surveillance Round, 2014). HIV incidence among MSM is especially high among those living in large urban areas and international tourist destinations for example, Bangkok, Chiang Mai, Phuket and Pattaya. In a large clinic-based study of MSM coming forward for testing at the Silom Community Clinic in Bangkok, an incidence of 12.2 per 100 person years was found among 15-21 year old men, this is almost twice as high as among all ages, which was 6.3 per 100 person years [10] .
The HIV epidemic up to 2015 is mature and abating rapidly. According to the AIDS Epidemic Model, Global AIDS Report for Thailand 2015, in 2014 there were an estimated 445,504 people living with HIV in Thailand, including 175,716 women and 6875 children. The estimated HIV prevalence among adults was 0.83%. There were an estimated 7816 new infections in 2014, including 121 in newborns. A quarter of adult infections (1944) occurred in women, of them 221 in FSW, and the remaining 1723 in other groups of women, particularly discordant couples and partners of members of key populations.
The transmission of HIV from parents to children has been successfully controlled. According to programme data from the Department of Health, the parent-to-child transmission (PTCT) rate was 1.9% in 2015. AIDS-related deaths have been steadily falling since 2001, with a sharp drop observed from 2006 following the scaling up of ART. The National AIDS Management Centre estimates that there were 20,492 deaths among people living with HIV/AIDS in Thailand in 2014 (modelling estimates from the AIDS Epidemic Model). However, programme data from the National Health Security Office, based on an analysis of records from the Ministry of Interior's Civil Vital Registration System, suggests that there may be fewer than 16,000 AIDS-related deaths.
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Methods
This review draws on published literature and unpublished sources and routine behavioural and serological surveillance data since 1989. It is informed by the modelling of epidemiological impacts using the AIDS Epidemic Model (AEM). Electronic data sources include Medline, PubMed, the Social Sciences Citation Index, Social Sciences Index and Abstracts, and the International Bibliography of the Social Sciences. Key peer-reviewed journals published between 1984 and 2015 were searched. Serological and behavioural data collected by the Bureau of Epidemiology (BOE), covering the period since the establishment of the HIV serosurveillance system (1989) and the behaviour sentinel surveillance programme (1995) were also reviewed. These data provide information on key affected populations (KAPs) and the general population. Finally, AEM models to assess impact on incidence and mortality in conjunction with vital registration data were also analysed.
Apart from epidemiological data, we used information from National AIDS Spending Assessment (NASA) and programme data from the Ministry of Public Health (MOPH) and National Health Security Office (NHSO) to assess financial investment and track monetary flows to specific interventions.
Results
We distinguish our findings over two phases. First, we present the outcomes and impact of Thailand's early prevention interventions (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) . Second, we present and discuss the impact of the country's prevention of mother-to-child transmission (PMTCT) programme, the scaling up of treatment with antiretroviral drugs (2000-2015; Figure 2 ). By 1989, a surveillance system had been established across Thailand and an accurate assessment of high-risk groups and behavioural patterns provided strategic information for evaluations and resource allocation [2] . By 1992, the HIV/AIDS programme was being co-managed by the Ministry of Public Health and the Office of the Prime Minister -controlling the epidemic had become a priority national agenda.
Concomitantly, the Thai Government stepped up its investment in HIV control, from just US$180,000 in 1988, to US$44.33 million in 1993. By 1996, the government allocated US$81.96 million to its response to control the spread of HIV [11] .
A remarkable aspect of the Thai national response to HIV has been the government's strong financial ownership of the programme, even when Thailand was classified as a 'lower-middle income' country. With the exception of 1989, Thai domestic resources have accounted for the vast majority of funding for the AIDS response. In addition, the early prevention efforts and treatment scale-up were funded through the national budget ( Figure 3 ). Despite the financial collapse during the Asian financial crisis in the late 1990s, Thailand sustained a lowered, but substantial investment in the AIDS response. This financial commitment reflects the Thai government's strong commitment to control HIV. Funding from the Global Fund for HIV, TB and Malaria (GFATM) first became available in 2003, and has accounted for between 10 and 15% of the money spent in Thailand's response since then, with most funds being used for treatment and prevention in young people in the first 5 years and later on a focus in prevention among KAPs (Figure 3 ). 
REVIEW
By the end of 1991, Thailand's well-documented 100% Condom Use Programme had been initiated following the Ratcharaburi model [12] [13] [14] . Condom use increased dramatically in sex-work settings from 14% to 94% between 1989 and 1993 [15] . A 79% decrease in sexually transmitted infection (STIs) rates among men was attributed to the 100% Condom Use Programme [16] . Other studies among male conscripts during the period 1991-1993 (n=4086) also showed that HIV incidence declined from 2.48 per 100 person years between 1991 and 1993 to 0.55 between 1993 and 1995 [17] . STI rates in the 1991 cohort declined even more sharply: from 17 per 100 person years to 1.8 per 100 person years in the 1993 cohort [17] . 
Phase 2
In 2000, Thailand initiated its nationwide PMTCT programme [18] . It provided voluntary and free testing for all pregnant women, provision of free ART to pregnant women and newborn infants, and free formula feeding for infants for the first 12 months [19] . The effectiveness of Thailand's PMTCT programme has been rigorously assessed [20, 21] . 
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Other InternaƟonal Global Fund 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 Number zidovudine (ZDV)-only regimen declined from 18.9-24.2% to 6.8% (CI 5.2-8.9%). Among those who received ZDV along with nevirapine (NVP), the transmission was 3.9% (CI 2.2-6.6%) [19] . By 2005, 89.8% of HIV-positive pregnant women were receiving ART to reduce MTCT. By 2009, this share had risen to 94.7% [22] . In 2010, a triple ART regimen began to be used for PMTCT, when the Thailand National Health Security Office, supported by cost-benefit analysis data, advised the use of HAART over ZDV + single-dose-NVP in HIV-positive women [23, 24] . In 2015, 95.8% of Thai and non-Thai HIV-positive pregnant women received drugs to reduce MTCT. Some 76% of infants born to HIV-positive mothers received virological testing within two months of birth, and only 2.1% of infants born to HIV-positive mothers were infected [25, 26] . Unpublished estimates using Spectrum by the National AIDS Management Centre indicate that between 2000 and 2014, the PMTCT programme prevented a total of 15,760 infants from being infected and 7440 deaths. In 2016 Thailand was officially certified by the World Health Organization as having eliminated mother-to-child transmission of HIV and congenital syphilis.
HIV treatment with antiretroviral drugs was first started in 1992 with ZDV monotherapy, and later, dual therapy. At the end of 1995, approximately 4200 people were being treated [27] . In 2000 the concept of providing ART free of charge took concrete shape under the Access to Care (ATC) programme, drawing on the principles of equal access to HAART and quality of services for all. In 2002, two critical events facilitated the massive scale-up of ART in Thailand. First, the Government Pharmaceutical Organisation (GPO) began producing GPO-VIR (a fixed-dose generic combination of stavudine, lamivudine and NVP). Second, more funding was made available: the government doubled the budget for ART due to the exclusion of ART from universal health coverage and in 2004 Thailand received supplemental support from Round 1 of the GFATM for the ART programme.
The ATC programme was renamed the National Access to Antiretrovirals Programme for People living with HIV/AIDS (NAPHA), and massively scaled up ART -treating 58,133 PLHIV, with a total budget of ฿800 million (approximately US$23 million) [27] .The roll-out of ARVs was made a priority not just for adults, but also for children, with 7543 children put on ART between 2000 and 2007 [28] . An assessment of treatment outcomes for ART among adults in Thailand (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) showed that outcomes remained good, with much improved survival rates, despite the rapid scale-up of ART [29] . By 2010, more than 150,000 patients were receiving ART [30] with doctors using a treatment initiation criterion of CD4 cell count <350cells/mm 3 [30] . In 2014, based on new evidence, new guidance recommended ART initiation irrespective of an individuals' CD4 cell count [31] .
At the end of 2015, Thailand was well on its way to reach the 90-90-90 targets. Of the 437,700 estimated PLHIV in 2015, 389,027 (89%) had been diagnosed with the virus (these figures exclude HIV tests in the private sector), and 336,541 were in care (National ADS Programme Database, National Health Security Office, 2015). Of those in care, 288,231 were on ART and 231,794 were virally suppressed (NAP Database 2015). The main areas of loss from the care cascade (defined by more than a 10% difference between any two points in the cascade) were between those in HIV care and those commencing ART, and those on ART and those who were virally suppressed (see Figure 5 ). The impact of the response to HIV in Thailand is also reflected in the burden of disease analysis. In 2004, HIV was the top cause of death in men (26,400 deaths), and the second most common cause in women (11,000 deaths) [32] . However, between 1999 and 2004, the burden of death and disease attributable to HIV/AIDS fell from 32.3 to 21.1 disability-adjusted life years per 1000 men, and to a lesser extent in women (from 12.2 to 9.3) [32] . In 2015, HIV/AIDS was the sixth most common cause of death surpassed only by coronary heart disease, stroke, road traffic accidents and other causes [33] .
Discussion
This paper takes stock of the HIV/AIDS response in Thailand, and looks at more than 30 years of prevention, care and treatment efforts in the country. We have reviewed and synthesised published evidence, programme data and the results of modelling exercises to gauge the impact that these efforts have had. We argue that while the evidence and our analysis does not allow us to attribute direct causality, there are strong temporal associations between these efforts and the impact on HIV incidence and AIDS-related mortality. We have assessed the impact of the programme specifically in terms of declines in incidence and mortality. It is important, however, to acknowledge that some key governance, financial and policy inputs into the national AIDS control efforts have strongly influenced those outcomes. The role of Thailand's well-developed health infrastructure, the government's strong political commitment and the stewardship from the Prime Minister's office have been well described elsewhere [11] . We highlight three key issues that have been critical in ensuring that interventions in Thailand could be implemented early, at scale and in a sustained fashion: health governance, reform and partnership with civil society.
Health governance and reform
Thailand has gone through a major reform of governance and its health service system with the Decentralization Act in November 1999 and the introduction of universal health coverage in 2002. Government reform involved the devolution of authority for some operations from the central government to the provincial and local administrations. There were changes to the structure of the Ministry of Public Health, and in the management of the AIDS budget as part of this decentralisation. Following enactment of the official ministerial proclamation in 2002, the Ministry of Public Health implemented structural reforms at central and regional levels. In particular, at the central level, the role of the National AIDS Committee shifted from policy and budget support for implementation and development to co-ordination, monitoring and technical support. A portion of the prevention budget and much of the task of implementation was decentralised to local administrative organisations. Other related line ministries made budget requests for HIV prevention activities through their own agencies. Apart from antiretroviral treatment, which has been centrally managed, the budget for HIV clinical services for opportunistic infections was integrated into the national health insurance scheme, and allocated to health service outlets in the form of per capita lump sum payments [34] .
The national AIDS response is integrated into numerous and diverse programmes of participating agencies and line ministries. Up until 2005, these ministries prepared AIDS budgets in collaboration with the Ministry of Public Health. However, starting in 2005, no specific AIDS budget was defined. It became the responsibility of each ministry to allocate a budget line for HIV control. The budget for health of the population was allocated as a lump sum based on per capita needs, including AIDS. This approach promoted a multi-sectoral response and removed the constraints of a centralised budget. For example, under the arrangement, local administrative organisations were made responsible for paying a monthly allowance to PLHIV. Provinces were also expected to prioritise and budget for health issues at the local level. This made financing directly available at the local level (rather than indirectly through a centralised funding mechanism). While this decentralisation has led to some positive changes, the risk that there may be varying capacities and awareness across provinces regarding continued investment and engagement with HIV has remained a challenge [35] .
With the ultimate goal of equal rights to the access of quality health services for all -as stipulated under Section 52 of the 1997 Constitution -the government also implemented the Universal Health Security Scheme namely the '30 Baht scheme' (in addition to the Social Security Scheme and the Civil Servant Medical Benefit Scheme). This package entitled all Thai citizens to free medical services and health promotion and prevention. At the introduction of the scheme, antiretroviral treatment was excluded from the service package, but included in 2006. The National Health Security Office-supported ART programme is highly cost effective at less than US$1 per day per patient, and was supported by the government's bold policies in initiating generic production, cost negotiation and compulsory licensing of ARV drugs, specifically for efavirenz and lopinavir/ritonavir [36, 37] .
Partnership
The Ministry of Public Health had begun to engage with civil society partners in Thailand on the issue of HIV prevention and treatment since the early 1990s. A key partner is the Thai NGO Coalition on AIDS (TNCA), a network of 168 Thai NGOs, which aims to improve the quality of life of PLHIV. It is notable that the Bureau of AIDS, TB and STIs (BATS) not only worked in close partnership with TNCA from the beginning of the epidemic, but also provided it with an annual budget of ฿65-90 million to support their activities. TNCA was seen, along with the Thai Network of People Living with HIV/AIDS (TNP+), as an equal partner in the AIDS response, with a dedicated line of funding from the NHSO.
Apart from working closely with the government, Thai civil society has successfully held governments accountable, and championed the cause of equal access. For example, on 30 November 2001, 1200 PLHIVs from all parts of the country demonstrated in front of parliament and met with Minister of Public Health. The minister agreed, in principle, to their demands, and doubled the budget for ART and also committed the government to include ARVs in the universal health scheme. The working committee, which consisted of representatives from TNP+, NGO/AIDS and the government, was set up to prepare for implementation of the scheme. At that time, there were fewer than 4000 individuals receiving ART. Arguably, civil society action has been fundamental in shaping government policy, an illustration that a well-informed and motivated civil society, which is able to negotiate and partner with government agencies, can be highly beneficial to the AIDS response.
Conclusions
We conclude by noting that, despite the outstanding successes of Thailand's AIDS response, the programme is faced by a multitude of challenges. A key dilemma is how to position HIV in the era of the sustainable development goals and move towards 'Ending AIDS'. HIV is a chronic disease, and in the context of Thailand's ageing population, it poses the twin challenges of maintaining life-long quality services for HIV patients and sustaining behavioural change to maintain primary prevention gains. Keeping the focus of policymakers and health administrators on 'Ending the HIV epidemic' requires consistent advocacy, evidence-based cost effectiveness and innovative approaches to addressing shortages of human resources.
Stigma and discrimination in healthcare settings is still a major obstacle to a more effective response to HIV. Observed behaviours towards KAPs among health staff in two Thai provinces indicate disturbing levels of discrimination [38] . Thailand has also struggled with ongoing policy and legislative barriers that have an impact on access and quality of services. Despite recent progress in reducing barriers to access (for example, no further requirement for parental consent for HIV testing in young people; a pilot harm reduction policy in 19 provinces; and health insurance for healthcare for migrants) Thailand has a rocky road to travel before ending AIDS [24] . Some regulations, such as those that only allow a 'medical technologist' under the responsibility of a physician to provide HIV test results, do not promote community-based testing.
To support Thailand in achieving the ambitious 'Fast Track' End AIDS and move towards the attainment of the Sustainable Development Goals, the Ministry of Public Health and other partners are working towards establishing policies and systems to increase funding flows to community partners at national and regional levels, including the accreditation of community services, and continuing 'test and start ART' for all HIV-infected people. The Ministry of Public Health is also implementing a programme to reduce system-wide stigma and discrimination in healthcare settings, and address human rights concerns.
In order to 'End AIDS', Thailand will need to focus on areas that enhance the ability of the programme staff, service providers, health insurance agencies, civil society partners and PLHIV to work in a co-ordinated manner, and develop the capacity of the health and community system to move beyond a 'control' agenda to an 'Ending AIDS' agenda.
